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Abstracts 


Cytokines  in  Ischemia: 

Neurotoxic  or  Neuroprotective? 

Brain  Cytokines  and  Ischemia;  Neuroprotective 
or  Neurotoxic  Effects? 

MoUna  P.E. 

Department  of  Physiology.  LSUHSC.  New  Orleans.  LA.  USA 

Over  the  past  few  years,  a  body  of  evidence  has  stressed  the  role  of 
mnammation  in  the  fathophysiology  of  acute  ischemia.  Studies  have 
dernonstrated  that  the  majority  of  the  inflammatory  react  ions  ^that 
ar^nggered  by  an  ischemic  insult  are  mediated  bv  evtokines  Mild  to 
rn^erate  bmin  |^hemia.  resulting  from  hemorrhagic  sh«rh2Stn 

inflarUm^r^  sufncient  to  up-regulate  tissue  (including  brain)  pro- 
mflamrnatory  cytokine  levels  in  animal  experiments.  ThisSchem  ^ 
induced  up-regulation  of  tissue  cytokines  is  closciv  regulated  bv  neu 

^  cytokines  results  m  up-regulation  of  adhesion  molecules  recruit 
mem  and  activanon  of  neutrophils  leading  to  reactive  ox^ 

TNTHi'Ind^  61  Ls^"  Pro-inflammatory  cytokines  (IL-1. 
rZ  ^  ^  reported  to  occur  earlv  on  in  the  ischemic 

conex  in  expenmental  models  of  stroke.  Furthermore  results  from 

dS^rirr”  ‘hat  tissue  cytokine  expression  exhibit 

Th^  ^?ot  of  infarcted  ar^ 

^e«  cytokines  are  hypothesized  to  be  interaaive  as  mdicateJ^bv 
he  difference  m  time  course  of  their  expressions.  withTS  beiS 

onocytK.  Recent  studies  indicate  that  in  addition  to  their  central 
»ie  ™ 

rve  regeneration:  thus  potentially  having  pleiotropic  effects  deoen 

-uroch^icalTLurdl™" 

'nterplay  between  glial  cells,  innitratma  leukoevtes  and 
induced  otokmes  m  the  immediate  innammatorv  'procZTst  Z 
tains  to  regulation  of  excitotoxicitv.  svnereism  wuh^ROS  t  ^ 

3- « ""rS" 


Th.  J«,u.  F,c  of  lnfl.mm„to„  .nd  CNS  Im'ur. 

Feuerstein  G2.  ^ 

Ischemic  or  traumatic  injurv  to  the  brain 
^mical  and  molecular  perturbations.  In  recent  vears  e^d^^ 
^n  raised  to  suggest  that  inflammation  is  a  majo'r  componeJI^S 

the  activation  of  endogenous  inflammatory  ceU^Sdif^*** 
sponse  to  mjury .  Funhermore.  shortly  after  miurv  S,„-^ 
express  adhesion  molecules  such  as  E/P-selectins  and  irau 

11“  rrrr'r 

nov  o  by  both  neurons  and  glia  cells  and  neurons  Evfdence"^^  * 

for  agential  detrimental  role  for  inflammatorv 

has  ban  derived  from  studies  where  depletion  “ 

funamal  conseijnencts  10  this  itijui,.  HTOm,' 

arated  some  tolerance  of  the  brain  tissue  to  ischemia. 

udies  conduaed  on  genetic  models  ofTNTa  or  TNFo 
cCTcy  mice  have  shown  clear  exacerbation  of 

^ther.  the  mounting  evidence  at  this  time  suggests  thiS^  2R 

inflammar  tissue  and  functional  damay  ■ha»|S 

inflammatory  reaction  at  large,  on  the  long  term  taSLS 

in  repair  and  recovery  from  ischemic  ortmumai,;  injiLSL^^ 


Dual  Role  of  Tumor  Necrosi.  Factor  a  k,  In 
^jury:  Early  Detrimental  Effect  Is  Enhancai 
Reactive  Oxygen  Species 

Shoham/  f.  a.  G/n/s  I.  o.  Trembovler  V.  \  Spatz  ML »  m# 
Hallenbeck J.M.»  aan 

•  ^partment  of  Pharmacology.  The  Hebrew  Unhwii 
of  Pharmacy.  Jerusalem.  Israel  and  "Stroke  firm#] 
Instrtute  of  Neurological  Disorders  and  Stroka. 
Bethesda,  Maryland,  USA  : 

There  is  conflicting  evidence  on  the  role  of  TNFs  kif  ' 
ram;  Whereas  ample  evidence  show  that  pheniiao'\ 

3tier  ischemia  or  trauma  is  bencEciiLk  .5 
FNFa  knock-out  mice  suggest  the  opposite.  Uonar^..  '  < 
les  demonstrate  that  TNFa  may  exhibit  - -|iri-rii<M“  " 
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crcpancy  suggests  that  other  pathogenic  stimuli  induced  in  the  set¬ 
tings  of  brain  injury  may  precipitate  TNFo  cytotoxicity.  In  an  animal 
model  of  closed  bnd  ntiury  we  Aowed  that  exogeiioos  and  endoge¬ 
nous  antioxidants  were  cerebroprotcctivc  even  when  TNFa  levels 
were  high,  and  hypothesized  that  reactive  oxygen  species  (ROS) 
released  early  after  injury  alter  TNFa  signaling  pathways  to  cause  cell 
death.  This  h>poihcsis  was  tested  in  PC  1 2  cells,  in  microvascular 
endothelial  cells  and  in  conical  astrocvies.  For  each  cell  i>pe  we 
selected  doses  of  TNFa  and  H:0:  that  individually  were  not  toxic  to 
the  cultures,  and  added  them  simultaneously  (for  18-24  h).  Markers 
of  cellular  stress  response,  death  and  apoptosis  were  quantified,  and 
activation  of  the  transcription  factor  NF-k  B  was  studied.  In  PC  12 
ccUs,  LDH  release  and  PGE:  production  served  as  respective  mark¬ 
ers  for  cellular  damage  and  induced  stress-response.  Under  concen¬ 
trations  where  neither  TNFa  nor  H:0:  alone  had  any  effect,  the  com¬ 
bined  effect  was  marked,  and  massive  release  of  LDH  was  accompa¬ 
nied  by  accumulation  of  PGE^.  Similarly,  in  astrocytes  and  endothe¬ 
lial  cells,  TNFa  and  H2O2  synergize  to  cause  drastic  cell  death  (quan¬ 
tified  by  ethidium  exclusion  test)  and  apoptosis  (TUNEL  staining), 
i^cstem  blot  analysis  of  TNFor induced  activation  of  NF-kB  demon¬ 
strated  that  sublethal  doses  of  H:02  inhibited  translocation  of  the 
p65  subunit  of  NT-kB  to  the  nucleus,  with  no  effect  on  I-kB  d^rada- 
tion  in  cytoplasm.  Immunostaining  with  the  antibody  directed 
against  p65  demonstrated  that  inhibited  p65  transport  to  the 
nucleus.  Thus,  by  creating  a  neurochemical  milieu  that  simulates  the 
injured  brain  we  showed  that  the  simultaneous  presence  of  high  lev¬ 
els  of  ROS  and  TNFa  is  detrimental. 


lnt«Hwukin-1  and  lnt6fiaukin-6  -  Opposing 
Actions  In  tha  tschaomic  Brain? 

LoddhkS^ 

Biological  Sciences,  University  of  Manchester,  Manchester, 

UK 

The  pro-inflammatory  cytokine  interleukin- 1  (IL-l)  has  been 
implicated  in  the  development  of  ischaemic  brain  damage.  Injection 
of  rlL-ip  into  the  brain  of  rats  subjected  to  ischaemia  (by  middle 
cerebral  anery  occlusion.  MCAO)  results  in  a  dramatic  increase  in 
brain  injuiy  Conversely,  injection  of  the  recombinant  form  of  IL-l 
receptor  antagonist  (IL-lra)  results  in  a  dramatic  reduction  of  isch¬ 
aemic  brain  injury  ,  implicating  endogenous  IL-l  in  the  development 
of  damage.  Interieukin-6  (IL-6)  is  a  related  cytokine  that  shares  many 
actions  with  IL-l  in  the  periphery.  Chronic  overexpression  of  IL-6  in 
the  brain  results  in  profound  neurology,  indicative  of  a  damaging 
tfcct  of  IL-6.  To  investigate  the  role  of  IL-6  in  acute  ischaemic  brain 
ajury  we  fim  measured  IL-6  bioactivity  in  the  brain  of  rats  sub- 
JKicd  to  ischaemia  (MCAO).  Ischaemia  caused  a  dramatic  increase 
if  IL-6  bioactivity  in  the  ischaemic  hemisphere  as  early  as  2  h  after 
^AO.  To  investigate  the  potential  role  of  IL-6  in  the  ischaemia  we 
ajected  rIL-6  into  the  brain  of  ischaemic  rats  using  doses  similar  to 
we  detected  previously  in  the  ischaemic  hemisphere.  Both 
PMK  of  rIL-6  caused  a  significant  reduction  of  the  lesion  volume, 
panting  protective  effects  of  IL-6  in  acute  ischaemic  brain  damage, 
data  indicate  comple.x  roles  of  cytokines  in  ischaemic  brain 
further  investigations  are  needed  to  elucidate  the  relation- 
Bip between  IL-l  and  IL-6  in  these  circumstances. 


TnctyKJ, 

Laboratory  of  Biomodical  Science.  North  Shore  University 

Hospital,  New  York  University,  NY.  USA 

The  brain  and  immune  systems  detect  and  remember  the  identity 
of  threatening  stimuli.  Mediators  produced  by  macrophages  and  oth¬ 
er  immunocompetent  cells  activate  CNS  responses:  output  from  the 
CNS  in  turn  modulates  ihe  immune  response,  TNF  is  a  proinflam- 
maiory  cytokine  that  occupies  a  critical  early  role  integrating  the  host 
response  to  injury,  infection,  and  ischemia.  For  instance,  during  cere¬ 
bral  ischemia,  neurons  and  astrocytes  in  the  ischemic  penumbra 
express  high  levels  of  TNF  that  mediates  the  progression  of  cell  death 
(Molecular  Medicine  199“^.  3:765-81).  Brain  damage  is  significantly 
reduced  with  experimental  therapeutics  that  inhibit  cither  TNF 
activity  (e.g.  anti-TNF  antibodies),  or  TNF  expression  (e.g.,  CNI- 
1493,  a  tetravalent  guanyihydrazone  inhibitor  of  TNF  synthesis) 
(Shock  1997,  8:341-8).  While  investigating  the  phenomenon  associ¬ 
ated  with  intracerebral  administration  of  CNI-1493  to  inhibit  TNF. 
we  realized  that  iniraccrebroventricular  application  of  CNM493 
also  significantly  suppressed  the  peripheral  TNF  response  to  endo¬ 
toxin.  Effective  blockade  serum  TNF  was  achieved  bv  applying 
CNI-1493  into  the  cerebral  ventricles  in  doses  30,000-fold  less  than 
required  to  suppress  TNF  after  intravenous  dosing.  Surprisingly,  the 
TNF  suppressing  signal  from  the  brain  to  the  periphery  was  carried 
in  the  vagus  nerve.  CNI-1493  significantly  increased  activity  in  the 
efferent  vagus  nerv  e,  and  vagotomy  abolished  the  inhibition  of  TNF 
by  intracerebral  CNI-1493  (J.  .Autonomic  NS.  in  press).  Direct  elec¬ 
trical  stimulation  of  the  efferent  vagus  nerv  e  in  the  absence  of  CNI- 
1493  significantly  inhibited  TNF  synthesis  in  liver,  suppressed  peak 
serum  TNF  levels,  and  conferred  significant  proteaion  against  the 
development  of  endotoxin-induced  shock  (Nature  2000,  405:458- 
62).  .Acetylcholine  released  by  the  vagus  nerve  interacts  with  nicotin¬ 
ic,  alpha-bungarotoxin  sensitive  receptors  on  macrot^ges  that 
transduce  signals  to  suppress  proinflammaiory  cytokine  release 
through  post-transcripiional  mechanisms  (Nature  2000.  405:458- 
62).  Thus,  from  studies  originally  focused  on  convergence  of  cytokine 
aaivities  in  cerebral  ischemia  came  the  discovery  of  a  vagus  nerv  e- 
CNS  mechanism  that  inhibits  peripheral  immune  responses,  now 
termed  the  'cholinergic  anti-inflammatory  pathway.’ 


Ara  Chofiiolcines  ttM  Key  for  Undorstanding 
Genotic  Differences  in  Neuronal  Vulnerability? 

Eckenstein  F.,  Kuihanek  D.  and  Woodward  W.R. 

Departments  of  Cell  and  Developmental  Biology  and 
Neurology,  Oregon  Health  Science  University,  Portland 
OR,  USA 

Excitotoxic  neuronal  cell  death  is  thought  to  contribute  to  the 
damage  caused  by  ischemia.  The  present  study  addresses  whether 
inflammatory  mechanisms  may  contribute  to  delayed  hippocampal 
pyramidal  cel!  death  observed  after  peripheral  injection  of  the  neuro¬ 
toxin.  kainate.  Interestingly,  genetic  differences  between  mouse 
strains  make  some  strains  (e.g.  FVB/N)  more  vulnerable  to  kainate 
than  others  (e.g.  C5'^B16:  see  Schauweeker  ei  al  PSAS  94:  4103- 
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4108.  1997k  We  investigated  the  regulation  of  expression  of  over  30 
vviokme  and  chemokine  tnRN’As  by  Multiprobe  R.bonuclcase  Pto- 
tect  »n  (MRPA)  and  the  overall  regulation  of  gene  expresskw 

'"•cjwray  technique  in  this  animal  model.  The  MRPA 
method  revealed  a  striking  induction  of  several  chemokine  mRNAs  3 
ours  after  kainate  treatment,  which  was  sustained  for  up  to  T"*  h 
This  induction  was  seen  only  in  FV'B.  but  not  in  C57  mice.  Unex¬ 
pectedly.  pr^innammatory  cytokine  mRN.As  were  not  markedlv 
induced  in  the  same  samples.  Microarray  results  showed  that  for  the 
most  pan  gene  expression  is  similar  between  untreated  FV'B  and  C'i7 
mice,  but  that  mR.N.As  coding  for  midkine  and  fibroblast  growth  fac- 
or  rweptor  3  (FGFR3).  both  molecules  with  potential  neurotrophic 
^notion,  are  expressed  at  significantly  higher  levels  m  C57  than  ,n 

inTrlllu  !  r  mediators 

of  intracellular  signaling  pathways  and  ceU  evde  regulators  are 

among  those  most  hi^ly  upregulated.  and  there  are  more  changes  in 

gene  expression  in  FV  B  mice  than  in  C57  mice.  At  24  h  after  kainate 

of  “  larger  number  of  genes  are 
changed,  and  there  is  only  a  partial  overlap  of  the  genes  whose 
expr^ion  is  changed  at  3  and  24  h.  Together  these  data  suggest  the 
hypothesis  the  action  of  chemokines  may  contribute  to  hippocampal 
neuronal  sulnerabdity  to  excitotoxicity  and  that  C57  mice  mav  be 
less  sensitiv  e  to  kainate  injury  due  to  higher  levels  of  expression  of 
neurotrophic  agents.  ^ 


Cytokines  and  Neurodegenerative 


^ne  Array  Assasamanta  of  Cytokina  mRNA 
Expraaaion 

Cozes  I.  >.  Romano  J.  *,  Beni-Adani  L  Steingan  R.A.  •. 

Levy  Nissenbaum  0. Brenneman  D.E. '  and  ShohamiE.  ^ 
•Clinical  Biochemistry,  Sackler  Faculty  of  Medicine,  Tel  Aviv 
University,  Israel;  Departments  of ‘•Neurosurgery  and 
Pharm^ology,  The  Hebrew  University  Hadassah  Medical 
^nter,  Jerusalem,  Israel;  Cell  Biology  and  Immunology,  Life 
&iences,  Tel  Aviv  University,  Israel;  •‘Developmental 
Modular  Pharmacology,  LDN,  NICHD,  NIH,  Bethesda,  MD. 

Activity-dependent  neuroprotective  protein  (AD\P  J 
chem.  72;  1283-1293  [1999];  J.  Biol.  Chem..  in  pressVeonuS^ 
femtomolar-acting  eighi-ammo-acid  peptide  |NAP)  that  provided 
on^terro  protection  against  memory  deficits  in  rats  suffering  finm 
cholinotoxKity  (J.  Pharmacol.  Exp.  Therap.  293: 1091-1098  [20001) 
Recent  data  suggested  that  a  single  injection  of  N  AP.  protected 

(Tph^^Lnf  of  closed  head  injury  (CHI)  in  mice 

J.  Pharmacol.  Exp  Therap..  in  press).  Part  of  the  mechanism  leading 
to  n^mprotection  in  CHI  entailed  inhibition  of  immediate  in^ 
Pnxluction  and  protection  against  TNTa  loxicitv 
ar,„  CHI.  ,h„  „hibi,ad  dlniS 
-m  *nr,ad  and  loial  cnrebral  cone,  R.V.A  p„pannl  rST 
mg  radioactive  cDN.A  preparations  were  hybridized  to  Atlas  Amv 
m^bi^es  contaming  1200cDN.As  spots  (Clontech,  Palo  AhoSJ 
).  One  of  the  genes  exhibiting  an  interesting  pattern  of  expaea- 
^  ^i8"aling  transducer  glvco^S 
1 30  (gp  1 30K  implicating  the  IL-6  signaling  pathwav  in  the  lomNcm 
outrome  of  head  injury  and  NAP  mechanism  of  action 

foetT"""  ISOA.  Lily  and  Avraham  Gildor Cto 

for  the  Investigation  of  Growth  Factors. 
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Roles  of  Microgliai  Activation  in 
Inflammation-Related  Neurotoxicity: 
Neuroprotective  Effects  of  Opioids 

Hong  J.S.  and  Liu  8. 

Laboratory  of  Pharmacology  and  Chemistry,  NIEHS/NH 
Research  Triangle  Park,  NC,  USA 


.  .  -  woa  lu  cAamme  me  iQlil^ 

opioid  systems  in  modulating  the  expression  of  innammatoryl 
in  microglia  and  m  the  mediation  of  immune-related  neuro 
non.  We  have  employed  both  in  vitro  and  in  vivo  rodent  i 
Parkinson  s  disease  by  focusing  our  studies  on  the 
dopaminergic  neurons.  Our  laboratory  was  among  the  finti 
that  hpopolysaccharide  (LPSFinduced  neurotoxicity  deg 
the  presence  of  glial  cells.  These  cells  secrete  a  variety  of  | 
matory  factors,  including  cytokines,  free  radicals  and 
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metabolites  that  are  the  main  contributors  to  the  pathogenesis  of 
inflammation-related  neurodegenerative  diseases.  Our  current  ef¬ 
forts  focm  on  determining  the  rdative  importmoe  of  these  pfoin- 
flammatory  faaors  in  iJia-mediated  neuronal  damage.  We  have 
examined  the  effects  of  opioids  on  the  activity  of  microglia  and  its 
relationship  to  inflammation-related  neurodegenerative  diseases. 
Among  the  different  families  of  opioid  peptides  studied,  the  most 
important  finding  was  the  potent  neuroprotect ive  effects  of  ultralow 
concentrations  10' \f)  of  dv-norphins  against  LPS-induced 
damage  to  dopaminergic  neurons.  We  observed  these  effects  in  both 
mixed  mesencephalic  neurons/glia  cultures  and  animal  models,  Im- 
munocytochemical  analysis  revealed  that  the  reduction  of  LPS- 
induced  activation  of  microglia  by  dy-norphins  was  associated  with 
their  ncuroprotcctive  effects.  Another  intriguing  finding  from  this 
series  of  studies  was  the  observation  that  naloxone,  an  opioid  recep¬ 
tor  antagonist,  exhibited  the  same  ncuroprotcctive  efficacy  as  dymor- 
phins.  which  are  opioid  receptor  agonists.  Pharmacological  studies 
using  different  analogs  of  dynorphins  and  optical  isomers  of  nalox¬ 
one  demonstrated  that  the  inhibitory  effects  on  microglial  activity 
and  the  ncuroprotectivc  effect  of  both  dynorphins  and  naloxone  were 
not  mediated  through  the  classical  opioid  receptors.  These  results 
explained  why  both  opioid  agonists  and  antagonists  exert  similar 
effects.  Moreover,  our  studies  revealed  important  non-opioid  actions 
of  these  two  opioid  compounds.  Further  studies  are  planned  to  eluci¬ 
date  the  mechanism  for  both  dynorphin-  and  naloxone-mediated 
inhibition  of  microglia  activation  and  their  mode  of  neuroproieciive 
actions.  Our  studies  should  provide  a  new  strategv  in  the  search  for 
novel  ncuroprotectivc  agents  of  clinical  benefit. 


CytokInM  and  SiHvival  of  CHS  Neurons: 

Focus  on  NFicB  and  Csrsmide 

Mattson  M.P. 

Laboratory  of  Neurosciences,  National  Institute  on  Aging 

Gerontology  Research  Center,  Baltimore,  MD,  USA  and 

Department  of  Neuroscience,  Johns  Hopkins  University 

School  of  Medicine,  Baltimore,  MD,  USA 

Cviokine  cascades  arc  aaivated  in  the  brain  in  response  to  cellu¬ 
lar  stress  associated  with  physical  and  ischemic  insults  and  in  chronic 
neurodegenerative  disorders  such  as  Alzheimer's  and  Parkinson's 
diseases.  These  cascades,  which  involve  tumor  necrosis  factor,  inter¬ 
leukins  and  inierferon-y  may  have  either  beneficial  or  detrimental 
effects  on  neuron  survival.  Activation  of  the  transcription  factor  NF- 
kB  in  neurons  increases  their  resistance  to  apoptosis  induced  by  exci- 
^  uxoxic.  oxidative  and  metabolic  insults,  whereas  activation  of  NF- 
kB  in  microglia  may  enhance  their  ability  to  kill  neurons  (for  review 
see  J-  Neurochem.  *^4:  443-456  (2(XX))>.  We  have  recently  identified 
■ovel  mechanisms  for  activation  of  NF-kB  (e.g..  release  of  a  signal 
'  from  endoplasmic  reticulum  in  response  to  depletion  of  IPB-scnsitive 
acres)  and  for  neuroproiection  by  NF-kB  (e.g..  modulation  of 
expression  of  antioxidant  enzy  mes,  Bcl-2  family  members  and  gluta¬ 
mate  receptor  subunits).  An  important  injury -responsive  signaling 
^hway  involves  cleavage  of  membrane  sphingomyelin  by  acidic 
jpingomyelinase  ( ASMase)  resulting  in  generation  of  the  second  mes- 
;aeoger  ceramide.  Our  recent  studies  in  a  stroke  model  (Yu  et  al..  J. 
Mol.  Neurosci.  In  press)  show  that  transient  focal  cerebral  ischemia 
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induces  large  increases  in  ASMase  activity,  ceramide  leveb  and  pro¬ 
duction  of  inflammaiof)  cytokines  in  wild-type  mice,  but  not  in  mice 
lacking  AS^lase.  Tlie  extent  of  brain  tissue  damage  is  decreased  and 
behavioral  outoome  impcxivtd  in  mice  laddog  ASMase.  Nearons 
lacking  ASMase  exhibit  decreased  vulnerability  to  excitotoxicity  and 
hypoxia  which  is  associated  with  decreased  levds  of  intracellular  cal¬ 
cium  and  oxyradicals.  Treatment  of  mice  with  a  drug  that  inhibits 
ASMase  activity  and  ceramide  production  reduces  ischemic  neuron¬ 
al  Injury  and  improves  behavioral  outcome.  Collectively,  our  data 
suggest  that  drugs  that  modulate  ceramide  and  NF-kB  signaling  path¬ 
ways  may  prove  beneficial  in  an  array  of  neurodegenerative  condi¬ 
tions. 


Sifoncing  of  a  Neuronal  Survival  Signal  by  Tumor 
Necrosis  Factor  a 

Keiley  Venters  H.D. »,  Btuthe  R-M.  and  Dantzer  R*» 

•  Laboratory  of  Immunophysiology,  Department  of  Animal 
Sciences,  University  of  Illinois,  Urbana,  IL,  USA  and 
‘^INRA-INSERM  U394,  Institute  Francois  Magendie. 

Bordeaux  Cedex,  FrarKe 

Tumor  necrosis  factor-a  (TNFa)  is  well  known  to  be  involved  in 
the  pathology  of  type  II  diabetes  by  inducing  resistance  of  the  insulin 
receptor.  We  recently  demonstrated  that  very  low  concentrations  of 
TNFa  induce  a  similar  resistance  phenomenon  following  activation 
of  the  closely  related  receptor  for  insulin-like  growth  factor  (IGF-l) 
on  primary  murine  cerebellar  granule  neurons  (CGN:  Proc.  Natl. 
Acad.  Sci.  USA,  1999, 96:9879).  IGF-l  potently  increases  surs ival of 
CGN  by  -  6-fokl.  These  cells  express  receptors  for  both  the  p55  and 
p75  isoforms  of  the  TNF  receptor,  .At  concentrations  of  1  ng/ml  or 
less,  TNTa  exhibits  neither  cytotoxic  nor  protective  activity  .  How¬ 
ever,  pretreatment  of  CGN  with  as  little  as  10  pg/ml  TNTa  reduces 
by  50%  the  ability  of  IGF-l  (100  ng/ml)  to  protect  against  neuronal 
cell  death-  To  explore  the  molecular  mechanism  for  this  phenome¬ 
non,  we  found  that  CGN  express  only  one  of  the  two  major  docking 
molecules  utilized  by  the  IGF- 1  receptor,  insulin  receptor  substrale-2 
(IRS-2).  Tyrosine  phosphory  lation  of  this  1 85-kE)a  docking  molecule 
is  increased  5-fold  by  IGF-I.  Preincubation  with  TNTa  (10  pg/'ml) 
reduces  the  ability  of  IGF-l  to  tvTosine  phosphorylate  IRS-2  to  1.6 
fold.  The  p85  regulatory  subunit  of  phosphatidyl  inositol  3'  kinase  (PI 
3-kinase)  binds  to  IRS-2  via  its  two  Sre  homology  2  domains  (SH2). 
and  this  leads  to  aaivaiion  of  the  pi  10  catalyiic  domain  of  PI  3- 
kinase.  In  CGN.  IGF-L  but  not  TSTcu  causes  a  dose-dependeni 
increase  in  activity  of  PI  3-kinase,  which  is  essential  for  the  surv  ival- 
promoting  activity  of  IGF-l.  However,  when  CGN  are  cultured  with 
both  IGF- 1  ( 1(X)  ng/ml)  and  TNTa  ( 1 0  pg/ml),  activity  of  this  cniical 
survival  enzyme  is  significantly  reduced  one  half.  We  have  termed 
this  new  concept  in  neurodegeneration  'Silencing  of  Surviv  al  Signals' 
(SOSS:  Trends  in  Ncuroscienccs,  2000. 23: 1 75)  because  it  points  to  a 
different  mechanism  by  which  TNFa  regulates  the  life  and  death  of 
CGN.  This  model  might  also  explain  w  hy  TNTa  has  been  reported  to 
both  inhibit  and  promote  neuronal  survival.  In  the  relative  absence 
of  other  surv  ival  factors,  selective  concentrations  of  TNTa  may  mod- 
esth  promote  surv  ival  of  neurons.  However,  in  the  presence  of  abun¬ 
dant  surviv  al  factors  such  as  IGF- 1 ,  TNFa  potently  leads  to  neuronal 
death,  even  at  picogram  concentrations.  These  results  show  that 
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Rola  of  Caspasas  in  Neurological  DIsaasa 

Friedlander  R.M. 

^'^ilmeTtljfNr*"  *  Hospital,  Harvard  Medical  School, 
department  of  Neurosurgery,  Boston,  MA,  USA 

The  functional  role  of  the  casoase  cell  d^th  r,™  i 
generation,  in  particular  \LS  hi!^  ^  i  ^  ^  *" 

haveshouothatcSaiv^H  f  We 

level  in  the  mutant  sunem  h  h  f^gulated  at  the  transcnption 
mutant  superoxide  dismuiase  (SOD)I<^^^  frar^coaA^ 
ALS  mouse  model  Casnase^i  i  transgenic 
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Cytokine  Interactions  with 
Neurotranemittefs,  Neuropeptidai, 
Growth  Factors,  and  Hormones 


Cytokine  Effects  on  Cerebral  Neurotransmission 

Dunn  AJ. 

Department  of  Pharmacology  and  Therapeutics,  Louisiana 

State  University  Health  Sciences  Center,  Shreveport  LA,  USA 

It  has  been  twelve  years  since  the  discovery  that  peripheral 
administration  of  interleukin- 1  (IL-l)tomiceand  rats  increased  the 
metabolism  of  norepinephrine  (NE)  and  serotonin  (5-HT).  The 
effects  of  IL- 1  on  NE  metabolism  were  most  marked  in  the  hypothal¬ 
amus,  but  were  observed  in  ail  regions  of  the  brain  examined.  This 
response  was  quite  slow,  peaking  at  around  2  h,  and  dissipating 
around  4  h.  IL-1  also  increased  brain  tryptophan  (Trp)  in  a  regionally 
nonspecific  manner,  that  did  not  appear  to  be  related  to  the  presence 
of  serotonergic  neurons.  Increases  in  5-HLA.\,  the  major  catabolite  of 
5-HT.  closely  paralleled  those  of  Trp.  These  responses  were  consider¬ 
ably  slower  than  those  in  NE,  peaking  at  around  4  h  and  lasting  about 
8  h.  It  is  now  known  that  other  evtokines  can  also  affect  cerebral  neu- 
rotransmiiter  metabolism,  but  none  yet  studied  is  as  potent  as  IL-l. 
Tumor  necrosis  factor  a  (TNTa)  has  been  showTi  to  increase  the 
metabolism  of  NE  and  to  increase  Trp,  lnierieukin-6  has  no  effect  on 
NT.  but  increases  T rp  and  5-HI A.A  just  as  docs  IL- 1 .  IL-2  has  com¬ 
plex  effects  on  dopamine  metabolism,  but  interferon  a  had  no  detect¬ 
able  effect  on  these  transmitters.  There  are  scattered  reports  of  effects 
of  IL-l  on  acetylcholine,  histamine,  as  well  as  the  amino  jwrid  neuro- 
transmitters,  glutamate,  glutamine  and  GABA,  The  effects  of  IL- 1  on 
NT  and  5-HT  appear  to  reflect  increased  synaptic  release  of  these 
neurotransmitters,  because  microdialysis  studies  show  increased  ex¬ 
tracellular  concentrations.  This  is  also  true  for  the  effect  of  IL-6  on 
5-HT.  Despite  the  clear  demonstrations  of  effects  of  c>tokines  on 
brain  ncurotransmitlers,  the  functions  are  unknown.  Some  evidence 
supports  a  role  for  the  noradrenergic  response  in  the  hypothalamo- 
p it uiiary -adrenocortical  (HP.A)  activation  caused  by  IL-i.  although 
NE  docs  not  appear  to  be  essential  for  this  activation.  .Although  it 
seems  likely  that  the  noradrenergic  and  serotonergic  responses  un¬ 
derlie  some  of  the  behavioral  changes  observed  following  cvlokine 
administration  (e.g..  sickness  behav  ior),  experiments  to  test  this  have 
failed  to  provide  supporting  ev  idence. 

Supported  by  the  National  Institutes  of  Health  (NS35370). 


Urocortin  and  Cytokines  during  Stress 

Kikuta  T. Kozicz  T.  ■  Oki  Y.  ^  Li  M. »  and  Ahmura  A.  ■ 
^US-Japan  Biomedical  Research  Laboratories,  Tulane 
University  Hebert  Research  Center,  Belle  Chasse.  LA,  USA; 

University,  Medical  Faculty,  P^s,  Hungary,  and 
^Hamamatsu  University  School  of  Medicine,  Second  Division, 
Department  of  Medicine,  Hamamatsu,  Japan 

Conicotropin-releasing  factor  (CRF)  plays  a  key  role  in  the  acute 
self-defense  response  to  stress  by  stimulating  the  release  of  ACTH 


and  increasing  sympathetic  lone  ihrou^  brainstem  pathways.  In 
addition,  CRF  is  expressed  in  peripberal  tissues.  We  previously  deoi- 

plasma  IL-6  teveb  and  that  this  response  was  suppressed  by  pretreat¬ 
ment  with  a  CRF  receptor  antagonist  or  injection  of  a  CRF  antise¬ 
rum.  This  suggests  that  tissue  CRF  modulates  stress-induced  IL-6 
expression.  However,  because  the  expression  of  CRF  in  the  peripher¬ 
al  tissues  is  verv  limited,  it  is  difTicuh  to  consider  that  tissue  CRF  has 
a  significant  moduiatorv  effect  on  the  expression  of  cytokines  during 
stress.  The  recently  identified  CRF-like  peptide  urocortin  (UCN) 
was  found  to  bind  to  CRFR-2  receptors  which  are  expressed  both  in 
the  brain  and  the  pcnphcral  tissues.  By  activating  CRFR-2  receptors. 
UCN  could  affect  autonomic  functions  and  modulate  the  efferent 
components  of  the  endocrine,  immune  and  behavioral  responses  to 
stress.  An  iniraperitoncal  injection  of  UCN  increased  circulating  lev¬ 
els  of  IL-6  to  a  greater  extent  than  CRF.  In  the  brain,  UCN  immune- 
stained  neurons  are  most  abundant  in  the  Edinger-Westphal  nucleus 
(EW),  thou^  the  physk>k)gicai  role  of  UCN  is  unknown.  Double¬ 
labeling  immunoliistocbemistry  (1HC)  showed  that  an  acute  pain 
stress  increased  Fos  expression  as  well  as  the  number  of  UCN-posi- 
live  neurons  in  EW.  Fos  was  nearly  exclusively  expressed  in  UCN- 
positivc  neurons  in  EW.  The  Icvek  of  UCN  mRNA  in  the  EW  also 
increased.  On  the  other  hand,  neither  Fos  nor  UCN  expression  in 
EW  changed  after  bexnorrhagic  stress,  suggesting  that  these  UCN- 
containing  neurons  respond  prcferentialh  to  sensory  stimuli.  In 
peripheral  tissues,  a  considerable  amount  of  immunorcactive  UCN 
was  found  in  the  stomach,  spleen,  adrenal  glands,  and  thymus.  IHC 
showed  that  nearly  aU  parietal  cells  of  the  stomach  were  UCN-posi- 
tive  and  these  cells  also  expressed  tyrosine  hydroxylase.  One  hour 
after  hemorrhage,  plasma  UCN  levels  increased,  remained  elevated 
for  about  2  h  after  resuscitation  and  then  decreased  to  the  pre-hemor¬ 
rhage  levels.  However,  in  animals  that  died  after  hemorrhage.  UCN 
levels  remained  high  or  rose  further.  In  general,  plasma  UCN  levels 
showed  a  ^uggish  rise  after  hemorrhage.  In  splenocyte  cultures,  addi¬ 
tion  of  UCN  (<  10-*  \f)  alone  did  not  alter  IL-6  production,  but  ai^ 
menicd  IL-l-stimulated  IL-6  production,  as  docs  norepinephrine 
( 1  O'*  .Vf ).  Howev cr.  although  its  synergistic  effect  was  significant,  the 
extent  was  moderate  and  cannot  be  considered  to  be  a  critical  modu¬ 
latory  effect  on  lL-6  production.  On  the  other  hand,  UCN  appears  to 
play  a  significant  inhibitory  role  in  TNTa  expression  in  various 
organs  following  hemorrhage.  The  findings  st^gest  that  UCN,  both 
in  the  brain  and  the  peripheral  tissues,  shows  a  subacute  or  sluggish 
response  to  stress,  and  regulates  the  stress- induced  cytokine  re¬ 
sponse,  but  its  effea  on  the  expression  of  IL-6  and  TNTa  was  m 
opposite  directions. 
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Macrophages  and  Microglia  as  Targets  for  the 
AntMnftammatory  Role  of  VIP  and  PACAP 

Delgado  M.  *  Gomariz  R.P.  *  and  Ganea  D.  ^ 

•Departamente  Biologia  Celular,  Facultad  Biologia, 
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inflammatory  processes  contribute  to  neurodegenerative  disease, 
stroke,  encephalitis,  and  other  central  nervous  system  (CNS)  disor- 
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??  j" “‘•croglia  become  activated 
in  a  ay  similar  to  penpheraJ  tissue  macrophages,  a  process  which 

Rivaled  mKrrogha  are  a  souice  of  cytokines  and  other 

iT^ ^  «<>  it  is  therefore  important  to  control  glial 
t“e  (^IP?  a^h  r*^*r”*  ““*•  ''““«Jve  intestinal  pejv 

ner%ous  and  immune  s>stem.  Although  both  neuropeptides  exert  a 
^oad  .peetrum  of  biological  effects.  the>  ha^e  been  identified  as  two 
^^t  anti-mfiammatorv  fartors.  VIP  and  PAC.AP  show  a  protective 
inflammatorv  diseases  such  as  endotoxic  shock 
^d  anhntis.  The  systemic  anti-infiammatorv  effect  of  both  neuro 

n  ‘^'^-regulation  of  several  macro- 

ipxf  Proinflammatory  factors  such  as  TNFou  IL-6.  IL-12 

MiP^'i  "*'d  chemokines  (MCP-I.  MIP-ll 

•nll-inn.m 

fih  '  IL-lra.  In  a  similar  way  than  macro- 

bott  Mti-  and’o  endotoxin-induced  production  of 

both  antH  and  pro-mflammatory  factors  by  microglia.  The  effect 
^ms  to  be  mainly  mediated  through  VPACl  le^r  and  the S 
^uent  a^ivation  of  c.AMP/PKA  pathway.  This  bLd  an.i-^flat 

tTiSulIt?^'  i'*  ^  of  both  neuropeptides 

inc^  '  P®‘bwaysand  transcription  factors 

MEKKI  -JNK  pathways,  and  NFkB.  ^  l' 
^  I^-l  factors.  Because  VIP  and  P.ACAP  inhibit  prxxliiction  of 
pro-inflammatory  mediators  by  activated  microglia  thev  might  be 
useful  in  treatment  of  mflammatory/degenerative  brain  d'isordm 


Mechanisms  for  Cytokine  Signaling 


M«:hani«m  of  TGF-pi  S^rotion  in  Glial  Calls 

Vftkovic  L 

irnnhS*"?  V*  indirectly,  neurite-promoting.  neuro- 

S  ,  "^o^Ptotective  in  several  diseases/disordei  of 

kSv  ifive precursor  and  processed  into  biolog- 

Processing  is  coupled  to  secret^ 
and  depends  on  both,  its  pnmary  structure  and  complexine  with  oth 

tion  nmhaKi  ^  Pb^O"  Or endocyiosis  Stimulates  the  secre¬ 

tion  probably  via  coupling  of  these  processes  in  Ivsosomes  Chloro- 
^„zi„g  agaa,.  ,„mN„  W.r 

lOr-pl  but  not  protease  nexin  l  iPV  i 

j  i  (r.N-I,  another  neuroproiective 

eleva.eIrCa:‘S' B?n  ^  « 

rir.n  . ,  ■  mhibitor  of  secretorvvesicle  forma- 

t  proteins.  Mastoparan  a  pep- 

tide  that  preferentially  stimulates  Go/Gi  protein  activitv  elevat^ 
secretion  of  PN-i  but  little  Tr.Fn I  i„  n  ^'^'^tes 

Tr-t  ai  *<jF-pi.  In  cells  overexpressing  Golo. 

ei..  rate  is  also  not  affected,  whereas  PN-1  secretion  is 

iTJT  ^  ^  constitutive  secretory'  pathwav  that  is  coupled 

be  re  Sr?!"'’"”"’!"'"®"**  '"dependent  of  Go  I  a  control.  This  mav 
be  relevant  to  stimulating  TGF-Pl  secretion  in  diseased  bram. 


b. ««  v.,™  n««: 

Goehfer  Lf.  and  Gaykema  R,P.A. 

University  of  Virginia,  Charlottesville.  VA.  USA 

requires  the  existence  of  a  sensorv  svsterr 
cabbie  of  detecting  a  wide  range  of  pathogens,  then  signaling  thi 
netvo^  system  to  mitiate  body-wide  defensive  responsef  In  mam! 

lilt  X7TZ?Z"^  operates  via  both  humoral  and  neural  path- 
ys.  As  a  principal  neural  pathway,  the  vagus  nerve  is  stronoiv 
implicated  in  the  conveyance  of  immunosensorv  informat H^derfv 
•b«'“  “">■  ll»  “a*-,  narv. 

iDodtl  10  dundue  of  immunoseoso,,  s^fi! 

f”'"  r“»«o“  l»w  is  i««»oo„»,y  signTSSk; 
a^mplish^  vagus  conuins  large  populations  of  scntin^I^ 
mmune  cells,  which  express  cytokines  including  interleukin- 1  raol^ 

non  likely  occurs  via  specialized  cytokine-receptor  expr^ing  gtomn^ 

tat«  Among  ii^Stant 

targets  for  immunosensitive  vagal  neurons  are  Ivmoh  u 

IZTo' T"'“'  •“■■h'J.s  »?im^ 

mmune  reUs  in  lymph  nodes  express  a  varietv  of  evtokines;  however 

Ii^pT  i"  immunosenso^ 


Neurolmmunomodulatlon  of  Foven 
Tho  Multiplo  Roles  of  the  Vagus 

Romanovsky  AJK. 

St.  Joseph's  Hospital  and  Medical  Center,  Phoenix,  A2,  USA 
The  effects  of  v  agotomy  on  the  thermoregulatorv  response  to  » 

foXwIV  r  •  administration  in  the  rat  T1 

T  »  V^SOtonty-associated  tberiM 
«tor  msufficiencv  ,s  likely  to  account  for  the  attenuatiMT! 

2Z  Indies;  such  an  iaHlI 

y  bwever.  preventable  by  postoperative  care.  2)  The  ftM 

hT^""!!!®  ^  of  LPS  ( monophasic  fever)  is  mediated  ^ 

hepatic  (but  not  gastric  or  celiac)  vagal  fibeis.  presumably 
the  same  fibcp  arc  likely  to  be  involved  in  the  devek^TS 
anve  to  low  doses  of  circulating  LPS.  3)  Phase  1  of  the  polypM 
ebnie  response  to  moderate  doses  of  LPS  involves  rpp»w-i,ni 
tive  afferents  (either  nonvagal  only  or  both  nonvagal  and  vm|L< 
not  involve  cholecysiokinin  A-receptors,  and  mav  involve  per^ 
prostaglandins.  4)  Febrile  phase  2  does  not  requite  the  wm 
abdominal  nerve  tibers.  cither  vagal  or  nonvagal  5)  Phaa  I 
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febrile  response  to  IV  LPS  (and  perhaps  the  response  to  intraperito- 
neal  LPS)  involves  capsakin-insensitive  vagal  fibers,  presumably 
efTerent  6)  A  hepetod^  viggL  presunu^  efTerent,  antHtnflaiiH 
matory  mechanism  counteracts  the  develo^ent  of  LPS-induced 
hypothermia  and  shock. 


Blood  Borne  Cytokine  Si9neiin9  Mechanieme: 

The  Role  of  Circulating  IL-6  in  Fever 

Luheshi  G.N. 

Douglas  Hospital  Research  Centre,  McGill  University,  Verdun, 

Quebec,  Canada 

The  nature  of  the  peripheral  signal  to  induce  brain  mediated  host 
defense  response  to  disease  has  been  a  subject  of  much  controversy 
and  continues  to  generate  a  great  deal  of  dd>ate.  There  is  now  over- 
wbehning  evidence  supporting  the  hypothesis  that  neural  afferents  in 
the  shape  of  the  vagus  nerve  arc  the  major  route  of  relaying  peripher¬ 
al  signals  to  the  brain.  These  observation,  largely  obtained  from  work 
on  rodents  have  demonstrated  that  sickness  like  behaviors  including 
fever,  social  exploration  and  others,  are  abrogated  in  vagotomizcd 
animals  injected  systemically  with  infectious/iaflammatory  agents 
such  as  lipopolysaccharidc  (LPS).  Our  own  studies  on  fever  have  pro¬ 
vided  evidence  that  a  humoral  factor,  probably  the  cytokine  interleu¬ 
kin  (lL)-6,  contributes  significantly  to  transmitting  signals  to  the 
brain.  This  is  supported  by  the  fact  that  circulating  IL-6  concenira- 
lion  increase  dramaticaUy  following  LPS  administration  and  that 
this  increase  correlates  well  with  the  development  of  the  febrile 
response  in  rats.  More  convincingly  our  recent  studies  using  a  neu¬ 
tralizing  antiserum  raised  against  rat  IL-6,  have  shown  that  sv'stemic 
administration  of  this  antiserum  totally  abolished  LPS  induced  fever 
in  rats.  These  results  support  strongly  a  role  for  IL-6  as  a  mediator  of 
peripheral  signals  to  the  brain  during  infection  or  inflammation 
induced  fever. 


Brain  Endothelial  Calls  Are  the  Primary  Sites  for 
Cytokine  Action  and  Prostaglandin  Syndiesis 

Matsumura  K.  and  Kobayashi  S, 

Department  of  IntelligefKe  Science  and  Technology,  Graduate 

School  of  Informatics,  Kyoto  University,  Kyoto,  Japan 

Man>  of  the  cytokine  aaions  on  the  CNS  are  mediated  through 
production  of  prostaglandin  E:  (PGE:)  in  the  brain.  To  understand 
this  mechanism,  we  have  been  studying  expression  of  enzymes 
responsible  for  PGE:  biosynthesis  in  the  rat  brain,  and  its  relevance 
to  fever  after  challenged  with  cytokines  or  lipopolysaccharide  (LPS). 
The  results  were  summarized  as  follows.  (1)  Cyclooxygenase-2 
(COX-2),  an  inducible-type  enzyme  converting  arachidonic  acid  to 
PGH:  .  was  induced  in  brain  endothelial  cells  in  response  to  cytokines 
ind  LPS.  (2)  COX-2  expression  was  correlated  with  fever  in  terms  of 
timing  and  magnitude.  (3)  Inhibition  of  COX-2  activity  suppressed 
fever.  (4)  Microsomal-type  PGE  synthase  (mPGES).  another  key 
enzyme  that  converts  PGH:  to  PGE:,  was  also  induced  in  brain 
endothelial  cells  after  LPS  challenge.  (5)  mPGES  was  colocalized 
nhh  COX-2  in  the  perinuclear  region  of  the  endothelial  cells. 


(6)  Inhibition  of  COX -2  activity  suppressed  PGE2  level  in  the  brain. 

(7)  Endothelial  cells  are  the  only  cell  group  that  expresses  both  COX- 
2  and  mPGES  in  tim  brain.  (8)  Cytokine  recepton  art  expraatd  in 
brain  endothelial  edk  These  resulu  deaify  indicate 

ihclial  cells  are  the  primao  sites  for  cytokine-induced  PGE2  produc¬ 
tion,  and,  hence,  play  a  pivotal  rdc  in  the  immune-brain  signaling 


Fnvnr  kidiictiofi  by  Endotoxin:  Am  Cytokinos, 
Proatn^omBna,  or  Othor  Moloculos  thn  Primary 
Signals? 

Btatteis  CM.,  U  S.  and  Steiner  AA. 

Department  of  Physiology.  University  of  Tennessee  Health 
Science  Center,  Memphis,  TN,  USA 

The  prevailing  model  of  the  pathogenesis  of  fever  suggests  that 
exogenous  pyrogens,  e,g.,  bacterial  endotoxk  lipopoiysaocharides 
(LPS),  stimulate  mononuclear  phagocytes  (MP)  to  produce  endoge¬ 
nous  pyrogenic  cytokines,  e.g,  interleukin  (IL)-1,  IL-6,  and  others, 
that  are  released  into  the  circulation,  eventually  reaching  the  preop- 
tic-anterior  hypothalamic  region  (the  primary  site  of  the  body’s  tem¬ 
perature  controOer  in  the  brain)  and  stimulating  its  production  of 
prostaglandin  (PG)  E2.  the  putative  proximal  mediator  of  the  elicited 
febrile  response.  Still  coniro\  ersial  are  the  identity  of  the  ‘essentiaP 
pyrogen tc  cytokine,  the  mechanism  by  which  its  peripheral  signal  is 
transduced  into  central  nervous  signals,  and  the  cell  source  and  its 
exact  location  in  the  hypothalamus  and  the  target  receptor  subtype  of 
the  fever-mediating  PGE2.  Recently,  a  new  quandary  has  developed, 
based  on  the  recognition  that  the  febrile  response  to  an  intravenous 
(iv)  injection  of  LPS  develops  before  these  cytokines,  which  are  not 
constitutivdy  expressed  in  MP,  are  detectable  in  blood  or  tissue. 
Similarly,  the  PGE:  that  mediates  the  febrile  response  in  the  brain  is 
evidently  produced  only  on  stimulation  via  a  reaction  catalvTcd  by  a 
specific,  aiducft>fe  enzyme,  cydooxygenase  (COX)-2.  The  synthesis 
of  these  factors  requires  more  time  (60-90  min)  than  the  observed 
latency  of  fever  onset  ( ^^  10  min.  e.g,  in  guinea  pigs).  To  be  valid, 
therefore,  the  premise  that  a  peripheral  cytokine  and  central  PGE:, 
in  that  order,  provide  the  triggering  signals  for  fever  production 
would  require,  1)  that  the  cvxokinc  in  question  be  constitutively 
expressed,  i.c.,  its  cell  source  could  not  be  MP,  and  2)  that  the  brain 
PGE:  be  derived  either  via  a  COX-2-independent  synthetic  pathway 
or  onginatc  from  a  source  that  expresses  COX-2  constitutively. 
.Alternatively,  the  initiating  peripheral  agent  may  not  be  a  cyiokine. 
We  have  investigated  whether  the  complement  (C)  cascade,  which  is 
activated  within  seconds  by  iv  LPS.  may  provide  the  fever-iriggenng 
stimulus,  and  have  evidence  that  C5  is  implicated  in  the  febrile 
response.  Mast  cells,  which  express  IL-ip  and  store  it  preformed 
within  their  granules,  are  non-phagocytic  targets  of  C5.  C5  also  rapid¬ 
ly  stimulates  COX- 1 -mediated  PGE:  production  by  unstimulated 
MP.  In  the  brain,  two  phases  of  PGE:  release  may  occur,  possibly 
arising  from  different  ceU  sources  and  mediated,  successively,  by 
constitutive  and  induced  COX- 2.  This  presentation  will  briefly 
review  the  current  concepts  of  pyrogen  sensing  and  signaling  with 
respect  to  the  temporal  discrepancies  between  fever  onset  and  the 
elaboration  of  putative  mediators  after  iv  LPS.  and  present  new  data 
concerning  the  involvement  of  C  and  COX-2  in  the  pathogenesis  of 
endotoxic  fever. 

Supported  by  NIH  grant  NS- 3485 7. 
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Differential  Time-Dependence  Sensitization 
Effects  Elicited  by  Tumor  Necrosis  Factor-o: 

HPA  Activation,  Sickness  Behavior  and  Brain 
Monoamine  Activity 

Merali  Z.  Hay  fey  S.  ^  andAnisman  H.  ^ 

•Psychology  and  Cell,  Mol.  Medicine,  University  of  Ottawa, 
Ont.,  Canada;  Psychology  and  Inst.  Neuroscience,  Carleton 
University,  Ottawa,  Ont.,  Canada 

Stressor  and  cytokine  challenges  provoke  immediate  as  well  as 
protracted  effects  on  behavior,  hypothalamo-pituitary  adrenal 
(HPA)  activity  and  brain  monoamine  utilization.  Much  like  intericu- 
kin-lp  (Tilders  and  Schmidt,  1998),  a  single  ip  injection  of  tumor 
necrosis  factor-a  (TNF-c)  induced  a  sensitization  of  HPA  activity, 
such  that  recxposure  to  the  cytokine  2-4  weeks  after  pretreatment 
resulted  in  a  pronounced  elevation  of  plasma  ACTH  and  corticoste¬ 
rone  levels  (Hayley  ct  al.,  1999,  2(X)0),  Systemic  TNF-o  also  pn> 
voked  a  delayed  increase  of  arginine  vasopressin  and  corticotropin 
releasing  hormone  immunoreactivity  within  the  median  eminence, 
which  became  evident  1-2  weeks  following  administration  of  the 
cytokine  but  declined  after  4  weeks.  Thus,  variations  of  these  ACTTH 
inducing  neuropeptides  alone  may  not  fully  account  for  the  hormon¬ 
al  sensitization  observed  after  the  later  inicr\al  (4  weeks).  Central 
administration  of  TNT-a  had  less  profound  effects  on  HPA  function¬ 
ing  than  did  peripheral  administration.  Paralleling  the  HPA  changes, 
indices  of  sickness  behavior  (reduced  feeding,  kxomgtion  and  social 
interaction)  were  also  ai^cnted  upon  reexposure  to  TNF-a  after 
lengthy  time  intervals  following  initial  ip  administration  of  the  cyto¬ 
kine.  In  contrast,  mice  reexposed  to  TNF-a  1  day  following  pretreat- 
ment  with  the  cytokine  exhibited  a  sensitization  of  norepinephrine 
and  serotonin  utilization  within  the  medial  prefrontal  cortex  and 
central  amygdala.  Likewise,  pretreatment  with  the  bacterial  endotox¬ 
in,  lipopolysaccharide.  greatly  increased  serotonin  utilization  within 
the  central  amygdala  upon  administration  of  TNT-a  I  day  following 
endotoxin  challenge.  This  cross-sensitization  was  diminished  by 
peripheral  depletion  of  macrophages,  suggesting  endotoxin  primed 
macrophages  may  influence  brain  monoamines  upon  subsequent 
TNT-a  treatment.  It  is  proposed  that  TNT-a  engenders  a  remarkable 
degree  of  central  plasticity  which  is  likely  mediated  by  extensive 
‘cross-talk*  between  penpheral  (activated  immune  cells,  vagal  affer- 
ents)  and  neuroendocrine>heuroiransmiiter  circuits.  These  data  may 
be  important  for  disorders  involving  protracted  behavioral  or  neuro¬ 
logical  symptoms  (depression,  multiple  sclerosis). 

Supported  by  NSERC  and  MRC. 


Analyst  Of  tlMMMlMMiiMns  UndoHyingtho 
Inhibitory  Effoct  of  IL-ip  on  Long-Tmm 
Potonttatioa  in  Itot  Dontolo  Oy^ 

Lynch  MJL 

Department  of  Physiology,  Trinity  College,  Dublin,  Ireland 

It  has  been  shown  by  several  groups  that  IL- 1 P  inhibits  long-term 
potentiation  (LTP)  in  CAl.  CA3  and  dentate  gyrus  in  vitro  and  we 
have  recently  shown  that  iniracerebroveniricular  injeaion  also  in¬ 
hibits  LTP  in  dentate  gy  rus  of  urethane  anaesthetized  rats.  Our  evi¬ 
dence  suggests  that  this  effect  is  mediated  by  phosphorylation  of  the 
stress-aaivated  kinases,  p38  and  JNK,  which  in  turn  inhibit  gluta¬ 
mate  release.  These  findings  are  supported  by  our  recent  observa¬ 
tions  which  indicate  that  lipopolysaccharide  (LPS),  which  increases 
IL-ip  concentration  in  hippocampus  by  activating  ICE,  also  in¬ 
creases  activation  of  p38  and  JNK,  decreases  glutamate  release  and 
inhibits  LTP.  Evidence  will  be  presented  which  indicates  that  IL-ip 
and  LPS  tieaimcnt,  perhaps  by  activating  p38  and  JNK,  lead  to 
changes  in  entorhinal  cortex  (the  cell  bodies  of  perforant  path-gran¬ 
ule  cell  syTiapses)  and  hippocampus,  which  are  consistent  with  apop- 
totic  cell  death. 


Brain  lntarlaukin*1  and  Memory  Formation 

Maier  S.F. 

University  of  Colorado,  Department  of  Psychology, 

Boulder,  CO,  USA 

A  variety  of  cognitive  impairments  have  been  reported  to  occur 
during  infection,  autoimmune  disease,  and  cytokine  pharmacothera¬ 
py.  These  are  all  sutes  during  which  peripheral  and  central  cytokine 
levels  are  above  normal.  These  phenomena,  together  with  the  finding 
that  elcv  ations  in  brain  levels  of  interleukin- 1 P  (IL- 1 P)  interfere  with 
long-term  potentiation  in  the  hippocampus,  led  us  to  explore  the 
effects  of  peripheral  and  central  IL-ip  on  learning  and  memory  per¬ 
formance.  Both  the  central  application  of  IL-ip  and  a  number  of 
manipulations  that  induced  IL-ip  in  brain  (peripheral  injection  of 
LPS,  zytnosan,  and  IL-l-p.  central  injection  of  gpl20,  social  isoU- 
lion)  interfered  with  memory  when  given  after  learning  trials,  and  the 
interference  with  memory  was  prevented  by  intracerebroventricular 
pretreaiment  with  IL-l  receptor  antagonist.  Furthermore,  this  inter¬ 
ference  with  memory  was  specific  to  learning  tasks  that  depend  on 
the  functioning  of  the  hippocampus  and  hippocampal  long-term 
potentiation.  The  finding  that  none  of  the  above  manipulations  alter 
memory  on  tasks  that  do  not  require  hippocampal  activity  eliminatei 
explanations  based  on  interference  with  only  performance.  Finally« 
data  will  be  presented  that  indicate  a  role  for  tumor  necrosis  factor-a 
in  these  phenomena. 
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CytokinM  in  Physiological  Sloop  Rogulation 

Krueger  J,M, 

Washington  Ststs  Univsrsily,  Pullman,  WA,  USA 

Many  cytokines  enhance  sleep;  the  list  includes  ILlo.  ILl^,  IL2, 
!L6.  !L15.  IL18.  EGF.  acidic  FGF.  NGF,  GM-CSF,  BDNF,  GDNF, 
IFNa  IFNy.  TNFa.  and  TNFp.  In  contrast,  anti- inflammatory  cyto¬ 
kines  IL4.  ILIO.  IL13,  TGFP-l  and  IGF-1  inhibit  sleep.  The  size  of 
the  list,  the  fact  that  many,  if  not  all  of  these  substances  can  be  made 
in  the  CNS,  that  their  receptors  are  found  in  the  CNS  and  that  many 
alter  firing  rates  of  hypothalamic  neurons  collectively  suggest  that  a 
cytokine  cascade  operates  to  regulate  sleep.  However,  only  IL- 1 P  and 
TNFa  have  been  studied  extensively  for  their  involvement  in  physio¬ 
logical  sleep  regulation.  Central  or  systemic  injection  of  exogenous 
ILIp  or  TNFa  enhances  non-rapid  eye  movement  sleep  if  low  doses 
arc  given;  high  doses  inhibit  sleep.  Inhibition  of  cither  IL  I P  or  TNTo 
using  antibodies^  soluble  receptors  or  antagonists  inhibits  sponta¬ 
neous  sleep.  These  inhibitors  ^so  inhibit  the  expected  sleep  rebound 
after  sleep  deprivation.  Substances  that  enhance  the  production  of 
ILlp  or  TNFa,  c.g.,  bacterial  and  viral  products,  enhance  sleep  after 
low  doses.  Substances  which  inhibit  production  of  ILlp  or  TNFa 
inhibit  spontaneous  sleep,  c.g.,  CRH.  ILlp  and  TNFa  are  consiitu- 
tivcly  expressed  in  brain  and  in  rats  there  is  a  diurnal  variation  in 
their  mRNA  and  protein  levels  with  highest  concentrations  correlat¬ 
ing  with  highest  sleep  propensity.  Sleep  deprivation  enhances  brain 
levels  of  ILlp  and  TNFa  mRN.A.  The  ILl  Type  I  and  TNF  55  kD 
receptors  are  involved  in  sleep  regulation;  mice  lacking  these  recep¬ 
tors  sleep  less  than  controls.  Downstream  events  in  the  cascade  of 
events  responsible  for  ILl  and  TNT-induced  sleep  includes  NTkB. 
NO.  PGD:  and  adenosine.  Many  of  these  substances,  including  ILl  a 
and  TNTo,  are  also  inverfved  in  host  defense  responses  and  in  synap¬ 
tic  plasticity;  we  hypothesize  that  sleep  plays  a  functional  role  in  both 
these  processes. 

Supported  by  NS25378,  NS27250,  NS31453,  HD36520. 


Cytokin^-Madiatod  Bahavloral,  EnH>tioiuil  and 
Cognitiva  Diaturbancas  in  Rodanta  and  Humana 

Ytrmiya  R.  •,  PoUak  Y.  \  Reichenberg  A  ■  and  Poilmxher  T. 

•Department  of  Psychology,  The  Hebrew  University  of 

Jerusalem.  Israel;  **The  Max  Planck  Institute  of  Psychiatry. 

Munich,  Germany 

To  investigate  the  immune-neural  mechanisms  that  mediate  sick¬ 
ness  behavior  we  examined  in  rodents  and  humans  the  behavioral 
effects  of  various  immune  challenges  and  the  role  of  pro-inflammato¬ 
ry  cytokines  in  mediating  these  effects.  We  used  several  animal  mod¬ 
els  of  immune  activation  within  the  brain,  including  acute  condi¬ 
tions,  such  as  intracerebral  administration  of  Mycoplasma  fermen- 
tansoT  HFV  gp!  20.  and  chronic  conditions,  such  as  EAE.  For  exam¬ 
ple.  in  the  acute  phase  of  EAE,  mice  display  a  marked  suppression  of 
food  and  sucrose  solution  intake,  as  well  as  decreased  body  weight, 
and  social  exploration.  The  expression  of  pro-inflammatory  cyto¬ 
kines  within  the  brain  w  as  elevated  concurrently  w  ith  the  onset  of  the 
behavioral  changes,  preceding  the  onset  of  the  first  neurological 
symptoms.  Furthermore,  a  decrease  in  IL-l  expression  was  associat¬ 
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ed  with  behavionl  (but  not  neurological)  recovery.  Dexamethasone, 
a  steroid  anti-inflammatory  drug,  but  not  pentoxifylline,  a  TNF-a 
synthesis  inhibitor,  attenuated  EAE-mduced  sickness  bduvior,  wg* 
gesdaf  that  pfo-mflasunitory,  but  not  specifkaDy  TNF^ 
till  in  mediating  the  £A£-a$sociated  behavioral  syndrome.  In  studies 
with  humans,  we  used  a  double-blind  prospective  design  to  investi¬ 
gate  the  psychological  consequences  of  immune  activation  in  several 
experimental  models.  For  example,  we  found  that  compared  to  con¬ 
trol  (saline)  levels,  injection  of  LPS  in  healthy  volunteers  resulted  in 
elevated  serum  levels  of  proinflammatory  cytokines  and  cortisol,  as 
well  as  mild  fever  and  anorexia.  LPS  also  induced  a  significant  eleva¬ 
tion  of  negative  emotions,  particularly  depression  and  anxiety,  as 
well  as  cognitive  alterations,  particularly  impaired  learning  and 
memory.  Furthermore,  a  high  correlation  was  found  between  LPS- 
induced  TNFa  and  IL-6  secretion  and  the  psychological  distur¬ 
bances.  In  conclusion,  in  both  animals  and  humans,  stimulation  of 
the  primary  host  defense  is  associated  with  cytokine-mediated  be¬ 
havioral,  emotional  and  memory  disturbances.  Hence,  cytokines 
represent  a  novd  target  for  acuiopsychopharmacological  research. 


What  is  the  Evidmeg  for  •  Rote  of  CytokIfiM  in 
Deprossion? 

DantzerR.,  Castanon  N.,  Capuron  L  and  Woliman  £• 
Integrative  NeurobiologY,  INRA-INSERM  U394,  Bordeaux* 
France,  and  •  MILDT,  Paris.  FrarKe 

To  investigate  the  possible  involvement  of  cytokines  in  depres¬ 
sion,  two  series  of  studies  have  been  carried  out.  Ai  the  experimental 
level,  chronic  but  not  acute  treatment  with  the  atypical  antidepres¬ 
sant  drug  tianepcine  attenuates  the  behavioral  and  neuroendocrine 
effects  of  Il^l  and  LPS.  These  effects  are  obtained  only  when  IL-l 
and  LPS  are  injected  ip  but  not  icv.  which  indicates  that  tianeptine 
does  not  alter  the  sensitivity  of  brain  targets  to  cytokines.  Prelimina¬ 
ry  results  indicate  that  these  effects  are  accompanied  by  a  shift  in  the 
balance  of  IL-lp/lL-10  expression  in  the  brain  in  response  to  LPS. 
suggesting  that  tianeptine  might  alter  the  balance  between  pro-  and 
anti-inflammatorv'  cytokines.  At  the  clinical  level,  studies  in  cancer 
patients  treated  with  IL-2  and  IFN-a  show  a  differential  effect  of 
these  cytokines  on  mood  and  cognition.  In  particular,  changes  in 
mood  occur  earlier  in  response  to  IL-Z  than  to  IFN-a.  Furthermore, 
patients  with  relatively  higher  scores  of  depression  at  the  initiation  of 
treatment  are  more  likely  to  develop  depressive  episodes  than 
patients  with  lower  scores,  suggesting  the  existence  of  an  individual 
vulnerability  to  the  depressive  effects  of  cytokines.  These  results  are 
important  since  they  allow  to  identify  patients  at  risk  to  treat  them 
accordingly. 

Supported  by  INR.VINSERM.  Ligue  R^ionale  centre  le  Cancer 
and  IRIS. 
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Infected  animals  exhibit  a  stermtvniMi  .  _  ,  _ 

sickness  behaviors’  that  include  anorexia,  fever,  and  lethat|y.  Ihw 


and  anorexia  are  energetically  costly,  however,  and  ill  individuals 
may  suspend  or  override  these  sickness  behaviors  In  response  to  spe¬ 
cific  intrinsic  energy  ugnals.  Although  adaptive  during  most  infec¬ 
tions,  anorexia  and  fever  are  potentially  problematic  during  winter 
and  other  times  of  energy  shortage.  We  hypothesized  that  these  ener¬ 
gy-demanding  aspects  of  sickness  behaviors  may  not  occur  in 
infected  Sibenan  hamsters  (Phodopus  sungorusj  housed  in  short 
da>s,  because  winter-simulated  day  lengths  evoke  dramatic  body 
mass  loss  to  conserve  energ>.  To  test  these  hypotheses,  male  and 
female  hamsters  were  housed  for  8  weeks  in  either  LD  10:14  or  LD 
14:10  photoperiods.  .\11  animals  were  assessed  for  anorexia,  fever, 
and  lethargy  following  an  acute  challenge  with  lipopolysaccharidc 
(LPS).  Short-day  Siberian  hamsten  significantly  limit  anorexia  in 
conjunction  with  body  mass  loss,  and  the  neuroendocrine  mediators 
IL-l.  IL-6,  ieptin  and  cortisol  arc  decreased  in  short  days  as  well. 
These  data  suggest  that  seasonal  alterations  in  body  mass  and  energy 
availability  may  modulate  the  expression  of  sickness  behaviors  in 
Siberian  hamsters,  and  that  sideness  behaviors  may  be  py 

cytokines  in  this  species. 

Supported  by  NIMH  grant  MH  57535. 


Effects  of  Interferon  a  Single  Atfaninistration  on 
Growth  Hormone  ntRNA  Expression  In  Rat 
Anterior  Pituitary 

Braezkowski  R.,  Zubelewicz  B.,  Kosiewicz  W.  •  and 
Braezkowska  8.^ 

5th  Department  of  Internal  Medicine  Medical,  University  of 
Silesia,  Bytom,  Poland,  •  Department  of  Anatomy  Medical 
University  of  Silesia,  Zabrze,  Poland,  ^Department  of  Hygiene 
and  Epidemiology  Medical  University  of  Silesia,  Katowice, 
Poland 

Background:  Interferon  a  (IFNa)  is  a  cytokine  with  pleiotropic 
etTects  and  influences  secretion  of  certain  cytokines  and  hormones. 
From  the  other  hand.  Growth  Hormone  (GH)  secreted  from  the  pitu- 
lUry  has  physiological  effects  on  various  target  tissues.  The  question 
is  how  the  IFNa  administered  various  diseases  influences  GH  secre¬ 
tion  .  The  aim  of  the  present  study  was  to  measure  the  cellular  expres¬ 
sion  of  GH  mRNA  by  in  situ  hybridization.  IMatarials  and  Math- 
ods:  The  45  intact  male  Wistar  rats  t  — 8  weeks,  250  mg,c,w.)  were 
considered  into  experiment.  Rats  were  administered  intraperitoneal 
injection  of  human  IFNa  (e.xamined  groups)  or  saline  (control 
group).  Rat  piiuiiaries  were  taken  2  and  4  h  after  IFNo/saline  admin¬ 
istration  and  kept  frozen  until  in  situ  hybridization  histochemistiy. 
l2-um  sections  were  taken  through  the  pituitary.  46-base  ^*S-labellcd 
oligonucleotide  probes  complementary  to  part  of  the  exonic  mRNA 
sequences  coding  for  GH  mRN.A  were  used.  .All  control  and  experi¬ 
mental  sections.  Results  are  presented  as  the  mean  percentage  change 
from  control  ±  SE.  RMutts:  IFNa  acute  administration  slightly  (not 
significantly)  increases  GH  mRNA  expression  in  the  anterior  pitu- 
iiary  in  4-hour  group  in  comparison  to  the  control  group,  and  there 
was  observed  no  ditTerence  between  control  group  and  2-hour  rats. 
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Cytokin#  arui  Ndurotrophln  mRNA  ExprwMiofi  by 
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RBgpowBM  to  HypoxiB-RBoxygBiiBliog  Iwjury 
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University  of  North  Carolina  at  Chapel  Hill,  Chapel  Hill.  NC, 
USA 

Primary  mixed  cortical  glia  cultures  were  used  to  examine  eleva¬ 
tions  in  mRNA  levels  for  neurotrophins  and  pro-inflammatory  cyto¬ 
kines  following  moderate  hypoxia-reoxygenation  at  12,  21,  and  28 
days  in  vitro  (DIV),  In  normoxic  controls,  mRNA  levels  for  pNGF. 
BDNF,  GDNF,  CNTF,  and  NT4  were  highest  at  12  DFV  while.  IL- 
la,  IL-ip,  IL-6,  and  TNFa  peaked  at  21  DIV.  At  21  DIV,  6  h  of 
hypoxia  produced  significant  elevations  in  mRNA  levels  for  both 
cytokines  and  neurotrophins  which  was  inhibited  by  co-exposure  to 
5  dM  deximethasofie.  In  older  cultures  (28  DPi\  no  devation  was 
seen  with  hypoxia  however,  following  3  h  of  rcoxygenation,  mRN  A 
levels  were  sli^tly  elevated  for  IL-lo,  IL-lp.  and  TNFa,  500%  for 
IL-6  mRNA  levels,  and  200%  for  and  3NGF.  BDNF,  and  GDNF. 
Co-administration  of  dexamethasone  inhibited  the  IL-lo,  IL-ip.  and 
TNFa  responses  and  exacerbated  the  IL-6  response.  No  efFca  was 
seen  on  the  hypoxia-reoxygenation  induced  elevation  in  PNGF. 
BDNF.  and  GDNT  mRNA  levels.  At  both  2!  and  28  DIV,  levels 
returned  to  normoxic  baseline  by  24  h  reoxygenation.  From  these 
data  we  conclude  that  hypoxic  insult,  without  loss  of  other  substrates 
(ischemia),  is  sufficient  stimulus  for  pro-inflammatory  and  neuroiro- 
phin  responses  by  mixed  glia  dependent  upon  age  of  culture. 


bitBrtoukiiHe  b  Non-Ryrogenic  in  WIicB,  but 
Augments  bitBrbukin-lb-Inducad  Fevgr 
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’  Departnnent  of  Neuroscience,  Osaka  Biosctence  Institute; 
*»Diviston  of  Biological  Information,  Graduate  School  of 
Informatics,  Kyoto  University;  and  **  Department  of 
Physiology,  Graduate  School  of  Medicine,  Osaka  City 
University,  Osaka,  Japan 

To  clarify  possible  cytokine  interaction  in  fever  genesis,  interleu- 
kin(IL)-lp(2.5  ng'mouseland  IL-6  ( 1  jig  mouse)  were  injected  alone 
or  in  combination  in  mice  via  the  intracerebroveniricular  (i.e.v.) 
route,  and  their  actions  on  fever  were  examined.  lL-6  alone  did  not 
evoke  fever  in  wild-type  mice  and  those  with  disrupted  IL-ip  con¬ 
verting  enzyme  (ICE)  gene,  which  is  essential  for  the  production  of 
mature  IL-ip.  IL-lp  alone  evoked  fever  in  both  types  of  mice 
although  fever  was  less  intense  in  ICT  gene  disrupted  mice  and  in 
wild-type  mice  pretreated  with  ICE  inhibitor,  indicating  exogenous 
IL- 1 P  induced  endogenous  production  of  IL- 1 P  which  augmented  the 
fever.  Combined  injection  of  IL-lp  w  ith  IL-6  resulted  in  more  pro¬ 
nounced  fever  than  the  single  injection  of  IL- 1  p  in  both  types  of  mice 
and  wild-type  mice  pretreaied  with  the  ICE  inhibitor.  The  augmenta¬ 
tion  by  IL-6  was  more  pronounced  in  mice  with  disrupted  ICE  gene 
or  those  pretreated  with  the  ICE  inhibitor  indicating  endogenous 
production  of  IL-IP  veiled  the  action  of  IL-6.  The  fever  was  sup- 


Neuroimmunomodulaiion  2000:8203-22.^  I  - 


pressed  with  an  inhibitor  of  cycloojtvaenase--)  sn 

bleforpros.3g,andinbiosyn.Lis.S^^^^^^^^ 

and  IL-6  synergist icaUy  evoke  fever  in  mice.  ^ 


IndofTwrthacIn  (CyclooxYgwsa.*  InhibHor) 

Concentr«ion.  in 
Sp™i  Fluid  .ft.,  Sub.,«,h«dd 

""S^o-o/c. 

^rtment  of  •  Neurosurgery  and  "Anatomy,  School  of 
Medicine,  Showa  University,  Tokyo,  Japan 
Hatanodai  Neurosurgical  Hospital,  Tokyo,  Japan 

i...  bi  rrs;  wS  “t 

.■;d  .^.u.  pa,^-  .r: 

~  using  trans-rectaJ  indomethacin  ( 1 00  mo\ 

within  24  h  Tn  «i  ^  controlled  in  target  temperature  (37  S'C) 

pr  uu,  -o-PBc‘^sr«?ferrir,»x^”“.r'°”’ 


to  IL-I.  and  C0X2-$c!ective  *»ypoplugic  nspoox 

8.81-  Bpim  8d»v.  I  “-TS 

highiv  selective  COX*^  inhth »  '  Nevertheless,  the 

.nwio.  or  1 00  ,8  mlL.|  S  ..  dc«,  o^  *^7  '' 

iouk,  foi)o.i„ 

^“^  **^*  ^tiese  results  sussest  that  ■>*%.«.  u 
major  isozvtne  involved  in  the  hvpophj”  eJf«‘  o?fi  ,T 

cells.  <««iviiy  m  cerebral  endothelial 

Supported  by  .NTNDS  (N'S25370). 


*"  >■• «« sy«.".ic  g.h 

S''-=ii=ss:,isr 


l^'Ir*^-®*"***  '^*V**»«  Involvdinwrt  in 
Interieukin-1,|nduc8d  Hypophagia  in  Mica 

Dunn  A.J.  and  Swiergie!  A.H. 

^ahh  Pharmacology,  Louisiana  State  University 

Health  Sciences  Center,  Shrevepon,  LA  USA 

''>l»Pl“8ia  in  mice. 

-ini  mfiVEne^ivl^lZ  r"  '■•PS)  "il 

ph.™«o,.  Lhem  Tij  '■  -I  ■ 

(Sw.er8.el  e.  a,..  PParrua^?.  Bioc'8™“ita^r38l»e“'S“ 


*“  i:^5s.sr„TLr^r^ 

the  specific  brain  areas  relatr-d  tn  ,  «  c-fos  expressions  in 

fo8c„s,  8  p  ^^tto8“rre''r!'"“'^"' 

obseived  during  specific  immune  responses  To^^i^^T”  ^ 

ity,  we  have  studied  c  fm  #*»«  ^pJorc  this  possibi^ 

rrsponse,  »  (X  bpup  durip,  0,H 

10*  spieeu  rear  „f  pvo  „  F ,  rais  aid  ’  u" 

immunohistochemistrv  1.  4  7  and  10  dav*  =.fi  1  •’7 

GvH  animals  showed  stronger  c-fos  exore^s  ^^"^^  i!***'  * 

related  to  olfactorv  and  visual  functions  ^ 

mals.  In  th^  GvH  model. 

regions  (NTS  OVTT  PW  i  r'\  expression  m  the  brain 

optic  neural  paThw^  stimulation  of  olfwory  mi 


Neuroimmunomodulalion  2000:8  203-2  J 3 


Cvtokines  and  the  Brain  2 


Th«  Inflammatory  CytokinM  IL-1,  IL-e  and  TNF 

Nauroprataolion  to  NMDA, 

PdratoMt  through 

Gahring  LC,  Carlson  N.G.  and  Rogers  SW. 

University  of  Utah  School  of  Medicine,  Salt  Lake  City,  UT, 

USA 

IL-L  IL-6  and  TNF  arc  expressed  constitutively  in  some  cells  of 
the  brain  and  are  elevated  in  brains  of  animals  challenged  peripher¬ 
ally  with  an  inflammatory  substance.  The  role  of  these  cyiokines  in 
the  central  nervous  system  during  events  that  challenge  neuronal  via¬ 
bility  is  under  investigation.  Cultured  cortkal  neurons  challenged 
with  neurotoxins  undergo  cellular  processes  related  to  necrosis  or 
apoptosis  that  eventually  result  in  neuronal  death.  Pretreatment  of 
primary  conical  neuronal  cultures  with  cither  IL-l  (a  or  p),  IL-6,  or 
TNFa  protects  neurons  to  a  subsequent  challenge  with  either  n-meth- 
yl-d-aspanic  acid  (NMDAL  p-amyloid  peptide,  or  paraquat.  We 
have  determined  that  the  requirements  for  cytoidne-induoed  neuro- 
protection  vary  for  each  cytokine.  For  TNF.  autocrine  activity, 
TNFRI  expression,  and  ceramide-induction  arc  required.  For  IL-l 
and  IL-6.  NGF  release  and  IL-IRI  expression  are  necessary  to 
achieve  neuroprotection.  Further,  wc  have  inferred  differing  m«ha- 
nisms  through  which  cytokines  impan  neuroprotection  by  examin¬ 
ing  the  effects  of  both  nicotine  and  alcohol  on  cytokine  cfTiacy'.  Both 
nicotine  and  alcohol  inhibit  TNF-induced  neuroprotection,  but  they 
have  no  effect  on  cither  IL-I  or  lL-6-mcdiated  processes.  These 
results  demonstrate  the  ability  of  these  naturally-occurring  CNS- 
cytokines  to  funaion  as  ncuroprotectants  to  a  variety  of  neurotoxic 
agents,  and  that  the  cellular  mechanisms  involved  in  accomplishing 
neuronal  survival  arc  diverse. 


Th*  Rol«  of  Vagus  Norva  in  lntarlaukin-ip- 
Inducod  Favar  la  Oapandant  on  Ooao 

Hansen  M.K.  *,  O'Connor  KA.  •,  Goehler  Lf .*• Watkins  L A » 
and  Maier  S.F.* 

•Dept-  of  Psychology,  University  of  Colorado,  Boulder,  CO 
USA;  Department  of  Psychology,  University  of  Virginia, 
Charlottesville,  VA,  USA 

It  has  been  suggested  that  pro- inflammatory  cviokines  communi¬ 
cate  to  the  brain  via  a  neural  pathway  involving  activation  of  vaaal 
atTerents  b>  interleukin- Ip  (IL-lp),  in  addition  to  blood-borne 
routes.  In  support  of  this  possibility,  subdiaphragmatic  vagotomy  has 
been  reported  to  block  IL- 1  p  induced  brain-mediated  responses  such 
as  fever.  However,  vagotomy  has  also  been  reported  to  be  ineffective. 
Neural  signaling  would  be  expected  to  be  especially  important  at  low 
doses  of  cytokine,  when  local  actions  could  occur  with  only  very 
small  quantities  of  cytokine  becoming  systemic.  In  this  study,  wc 
examined  core  body  temperature  after  inlraperitoneal  injections  of 
three  doses  of  recombinant  human  IL-ip  (rhlL-iP;  0.1.  0.5.  1.0  mg/' 
kg).  Subdiaphragmatic  vagotomy  completely  blocked  the  fever  pro¬ 
duced  by  0. 1  mg/kg.  partially  blocked  the  fever  produced  by  0.5  mg' 
kg.  and  had  no  effect  on  the  fever  that  followed  1 .0  mglcg  rhlL- 1  p.  In 
addition,  blood  levels  of  rhlL-l  P  did  not  become  greater  than  normal 
basal  levels  of  endogenous  rat  IL-ip  until  the  0.5  mg/kg  dose,  nor  w’as 
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IL-lp  induced  in  the  pituitary  until  this  dose.  These  results  suggest 
that  low  does  of  inlraperitoneal  IL-ip  induce  fever  via  a  vagal  route 
md  that  <loae  may  wefi  account  fot  loaie  of  the  dbcrqMmcies  in  the 
literature. 


Characturiaation  and  Visualization  of 
Stromal  Call*Dorfvad  Factor-1  o  Binding  to  CXCR4 
Racofitors  in  Rat  Brain  and  Human 
Nauroblaatoma  Calls 

Banisadr  B.,  Parsadaniantz  S.M.,  Dicou  £,  Berber  T., 

Rost^ne  W.,  LombetA  and  HaourF. 

INSERM  U339;  H6pital  Saint-Antoine,  Paris,  France 

Stromal  cefl-denved  factor- la  (SDF-  la)  binds  to  the  seven-trans- 
membrane  G-protcin-coupted  CXCR4  receptor  and  modulates  ccU 
migration,  differentiation,  and  proliferation,  C:XCR4  has  been  re¬ 
ported  to  be  expressed  in  various  tissues  including  brain.  Moreover 
CXCR4  has  recently  been  shown  to  be  one  of  the  coreceptors  for 
HIV- 1  infection  which  could  be  implicated  in  HIV  encephalitis.  In 
the  present  study,  the  binding  properties  and  autoradiographic  distri¬ 
bution  of  t*--niSDF-la  binding  to  CXCR4  were  characterized  in  the 
adult  rat  brain.  SDF- la  binding  and  CXCR4  coupling  system  were 
also  studied  in  a  human  neuroblastoma  cell  line  SK-N-SH.  The  bind¬ 
ing  of  [*-5i]SDF-la  on  rat  brain  seaions  was  specific,  time-depen¬ 
dent  and  reversible.  The  highest  densities  of  (^--^IJSDF-la  binding 
sites  were  detected  in  the  choroid  plexus  of  the  lateral  and  the  dorsal 
third  vcniricic.  Lower  densities  of  [‘--MJSDF-la  binding  sites  were 
observed  in  various  brain  regions  including  cerebral  cortex,  anterior 
olfactory  nuclei,  hippocampal  formation,  thalamic  nuclei,  blood  ves- 
sds  and  pituitary  gland.  In  the  choroid  plexus,  the  IC50  and  i^i  of 
[*-MJSDF-l  a  binding  were  rcspcaivcly  0.6  nM  and  0.36  nM.  Similar 
lC*o  values  were  obtained  in  other  brain  structures.  Immunohisto- 
ch/.mical  studies  by  an  anti-CXCR4  antibody  confirmed  the  pres¬ 
ence  of  CXCR4  receptors  in  the  rat  brain  sections.  In  SK-N-SH  cells. 

{  I}SDF-Ia  bound  to  CXCR4  with  a  of  5.0  uAf  and  a  maximal 
binding  cap^ity  of  460  fmol/mg  of  protein.  SDF-la  induced  a  rapid 
and  transient  intracellular  calcium  increase  in  SK-N-SH  cells.  These 
findings  suggest  that  CXCR4  is  expressed  in  some  brain  structures 
and  may  have  a  regulatory  role  in  the  ner^  ous  system. 


Decreased  Neuronal  Cell  Death  after  Global 
Ischamia  in  Mice  Lacking  TNFki 

Ikebe  M. » Ohtaki  H. »,  Funahashi  H.  Nakajo  S.  S  tto  K.  ^ 
Maeda  M.  Dohi  fC  *,  Taniguchi  T.  Sekikawa  K, «  and 
ShiodaK.*^ 

'Department  of  Anatomy,  Showa  University  School  of 
Medicine,  Tokyo,  Japan;  ‘‘CREST of  JST,  ^Showa  University 
School  of  Pharmaceutical  Sciences,  Tokyo,  Japan, «  National 
institute  of  Animal  Health,  Tsukuba  City,  Japan 

TNF-a.  one  of  the  pro-inflammatory  cytokines,  is  increased  after 
brain  ischemia  and  it  may  cause  neuronal  cell  death  induced  by  brain 
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-^"nd-ngl  fh'rai". 

revealed  deficiu  in  nienK)^p,«i^^^^ 

training.  These  results  demonstrate  an  inhibhoty  effect  <rf*U>SM 


Lack  of  Effect  of  Lipofysaccharide  and 
lnterieukin-13  on  the  Expreseion  of  a 
CondHioned  Place  Preference  in  Rats 

Larson  $.J.  and  Ofson  E, 

M  Concordi,  Co«<^., 

adh^."'Jd  >“  l«"  sbom  to  induce 

a,  or  decreased  interest  in  pleasurable  stimuli  Studies  havp 

(SouT? 

such  as  nalatsw''’^  'uamtained  by  pnmaty  reinforcers.  These  stimuli 
uch  palatable  solutions,  are  effective  in  reinforcing  behavior  with 

e^r  “  repUcating  Sc  anh^;^;?, 

tion  to  as^nT^h^^^ir”  “‘^1.’'®“°"  °°  reinforcers.  in  addi- 

assessing  the  effeas  of  sickness  on  behavior  maintained  bv  a 

J^dao  mtnfomet.  a  stimulus  paited  trith  a  primatvTn^e, 
Lsing  a  conditioned  place  preference  procedure  we  assessed  the 

a.yptmfometh.ptmals'^^SS'SraSclamlZ^^ 

cncc.  These  findings  suggest  a  difTcrential  pfTpot  nf  *  ^ 


^rved,  starting  at  24  h  and  reaching  a  peak  at  48-72  h.  There  was 
^^upregdMion  of  TOFRJI  mRNA  with  a  peak  a,  72  h. 

hippocampal  S 

atudies  of  mRNA  expression  of  TNF  and  its  receptors  are  ctirrentis. 
underway  King  laser  capture  microdissection  and  real  time  PCR  to 


TJ**^Vttiiv*»ducod  Hippocampal 

cvelin  «hI  CokId. 

McPherson  C.A  »  Kubik  JJk  c  and  Harry  G.J.  • 

Health  Sciences, 

PUshotype Xst: 

matic  r  lft.f«i/i\  ^  ®‘^>vation  is  accompanied  bv  a  dra- 

B1  wlii™  ^  cvcim 

dioh.  analysis  of  hippocampal  tissue  at  72  b  showed  a 

sli^t  increase  of  cydin  B  with  no  elevation  in  cvelin  A  Immnl? 

i^i.uy*^™cdcc«ui.,i<,cu,imti:St!:;,:^,::r^^ 

m^ja  m  the  pyramidal  ceU  layer  and  activated  glia  in  the  dentate 
”  «‘rilire«lia  in  the  dentate.  The  lacLf  either 
immunostaining  or  BrdU  labeling  in  cvelin  positive  ceUs  su^th^ 
^Ic  hcum  mu, 


TNF  ^  TNF  Receptors  Expression  in 
Trimetfiyltin  Induced  Hippocampal  injury 

Lefebvre  d'Hellencourt  C.  and  Harry  G.J. 

Ub^oratory  of  Toxicology.  NIEHS.  Research  Triangle  Park.  NC. 

ducLTs^S'"  '  r^"  organotypic  neurotoxicant  which  pro 
Dus^MT^  ?  neuronal  degeneration  in  the  hippocara- 

TMT  induces  a  specific  neuronal  loss  of  dentate  gr^TS 

(TNT)  from  to  ?->  h  w  necrosis  factor 

TF^^rxt  *  ^  exammed  the  mRNA  levels  of  TNF 

““»■  ■” 

(1 A  ma/v  \  4  ^  ^  treated  w-ith  an  acute  dose  of  TMT 

«.  0  mg/kg.  IP),  An  increase  of  the  TNF  receptor  (TN'reTl  was 

•*^bstraci5 


^  Effect  of  Cardiac  AiTMt  on  th«  Blood-Testis 

Mizushima  H. ■  ^  c  a  c  ,  , 

'  Doht  K.  *,  Imaizumi  Y  a 

Matsumoto  and Shioda  S,^ 

t^partmenis  of  •Neurosurgery  and  XAnatomy  Showa 

Japan;  c  Veterans 

Affairs  Medical  Center,  St.  Louis,  MO,  USA 

Impotence  commonJ\  occurs  after  evpni-  -...-i, 

SS-2E?S™SH 
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r ««>vcred 

after  arm«f  ch  s/serum  ratio  for  albumin  was  increased  I  ^  h 

by  24  b.  Tti. 

senim  ratio  for  verapamfl  was  increasedM^i^^J?  ‘  ^ 

suggesting  impaired  ftmction  of  f  "  ^ 

transporter.  Transoorten:  fnr  *  P'glycoprotein  efflux 

Polvpepiide  (P^C^P)  anrf  ^  adenylate  cyclase  activating 
afTecS;  b7card!;c  (TNT.:)  were  no! 

affects  testis  weight  and  some  ac  that  cardiac  arrest 

might  have  lone  term  efFer»  P^’s  ot  BTB  function.  Such  changes 
impotence  ®  'hat  could  lead  to 


Muushima  H.  •  and  Shioda  S.  "  ' 

Of  Tokyo,  Institute  of  Medical 

the  infarct  volume  wL'dw^  after^htb  V 
or  neurodegeneration  in  r^fsl^t"  '1^“^  n^r'^ 

evidence  of  its  action  anrf  h®*”  “o  direct 

idem  ify  the  difference  of  infarctkM,'^  ^k****^^  designed  to 

«»4  deffcien,  flL-f  Kol 2L"“d‘‘--'‘^ 
mate  the  neurodegcncrative  merh,.,  type  (^)  nice  and  to  esti- 
Middle  cereblJSSv  in  fL-l  KO^To?  ischemia. 

«  b  and  reperfused  up  to  96  h  wi?K  ?  ^  t«»uded  for 

TheexpreSbn^nB  mRvl  ^  <*MCAO). 

ined  using  RT-PCR  and  immui^h' *^ '**“• 
fL-ip  mR.\.A  was  increased  at  "Pt^S'on  of 

immunoreactivitv  of  IL-IB  was  detected  hemisphere.  The 

while  intensely  eipre^d  in  “  “I!**!  «  3  h. 

at  48  h  after  t.MC.AO  i  m«suSd^“‘->'!  ^ 

cWonde  staining,  revealed  signif.cantlv^m^er^nlL-l  KoTl^"“'" 

generation  during  ischemic  injury.  '  •"  neurode- 


C.11  o™.,. 


^'^*>OkaK.*.ScammallT.E.*  LaaC^  KmOwiet, 

NantelF.^  €lmquistJ.K.»-^andSaperci^^^'^''^'  ' 

C^r.™  P™2mTn'Z'  “•*»' 

senoot,  Sos»?'S; 

Division  of  Endocrinology 
Center.  Harvard  Med  j£:ho2 

■ytds  of  E-sene,  Pf0s2iMi“  ErnSt™  *""*  "* 
gested  the  involvement  of  EP,  aid  EP,  iSro,^'''r” 
rats  and  mice  resnectivrfv  u/-  “  Receptors  in  fever  response  in 
t«ep,ors  “htypes  of  EP 

(LPSj-induced  fever  bv  assessL  hpopolysaccharide 

noreactivitv  (Fos-IR)  and  EP  L-^nt  immu- 

mus.  Two  hours  after  th<-  ad  ^  tuR^A  in  the  rat  hypothala- 

preoptic  nucleus  (MnPO)  and  the  nucleus,  the  median 

nucleus.  In  these  nuclei  EP  re«m*n  hypothalamic 

4"d  the  Fos-iR  id“^«fv  ‘eS£d  ^fb  ^‘""^  "'’ffsted 
Strong  EP,  receotor  mRVA  "  receptor  mRNX 

MnPO  but  Fos-IR  showed  linte  ^  ‘h« 

"'RNA.EP..™ep.ort^?s“n:'“''’k"  *“  '“«» 

about  half  of  the  Fos-immi  nuclei.  .Although 

"»P.o.  ntRNA  E 

■ion  W.S  diffnse  it,  tbe^n^  “eSX  !?"  “ 

-  «F-..  EP.  «  SSXXtiS 


sssss 

N«rvou.  System  ™  Central 

ssr«ff EE  «,d 

cr,^rrz-^;r£r.:^ 

results  in  an7i!flamm!oii'anTSl5«^^ 

■im.s.benoSrt.^^SjS.'eJ?”''  iO 

lipoprofeins  bsve'STn  Vb„2i 
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protein  A  (L^pA),  a  mod^^i  a,  ^  ^  . 

the  production  of  various  ['Poprotein,  resulted  in 

(11^).  tumor  necrosis  factor  '"‘*'^'“*tin  6 

cytic  cultures  produced  IL^  and  TNfU 

not  11-12  or  IL-ip.  Cytokines  but 

tosis  and  gliosis  in  several  CNS  '™P|»cated  in  causing  apop- 

apoptosis  of  rhesus  monk^ 

LOspA.  TNThi or  IL-ip  ^.e e^TL^'l" ‘o 
ei.ci.s  on  neuronal  cultures  w  l.t^t^lie^x" '  “ 


I^ion-induced  potentiation  oH^re^t^s  JL-l-mduced  anorexia. 

tite-aippressing  effects  of  cytokinet  .n^  ®P 

^NPY  neurons  thought  «“y  result  from  destruct 

food  intake.  ^  stimulatory  control 


f^eyes  T.M.  andSawchenko  P.E^ 

BiologicalSrodl^)!!^^^^^  Salk  Institute  for 

ior\  ^d’^rL^u^stiS  b^av- 

•Un^.  We  hypothesized  that  the  treatment  of  chronic 

(ARH)  might  be  involved  in  mediatincT 
temic interieukin-1  (IL-I)chall^S  ^ sys- 

^  populations  involved  n  SntX^S  “  P^i<«er- 

IL-I  receptors,  its  respons"v^^iL?  f  "^^Pression oftvpe  1 
he  accessed  directlvTcru^aZ  "^^hilitTto 

''as  tested  in  rats  subjected  ro  STrei^  ^'”-  *’-^‘hesis 

monosodium  glutamate  injections^!  i  Produced  by  neonatal 
recombinant  rat  lL-1  ( -  3u^  iv»L  *"  animals. 

s.onoffeeding(to74.8%K2b^?2‘°r'«"^^^^ 

4  h  of  refeeding  after  20  h  fast  Unex^i^ 

^tly  accentuated  in  .ARH-lcsioned*^^!f^^ 

This  potentiation  was  not  ^ifK  to  n  ^*  *'*‘’>  P  <  0.05). 

same  animals  manifested  a  comparable  anorexia,  as  the 

•nd,^  by  fenfluramine  (2  'he  anorexia 

and  inconsistently  m  P-Promelanocortt^^ri^^'Sl^^^^ 


EF“7=!=rcrjssi^ 

Schtftz  J.C.  and  Sawchenko  P.£. 

The  Salk  Institute,  La  Jolla,  CA,  USA 

vasc'^S  h^SImjSt'myT''''*^  ‘he  cerebral 
fluenceson  the  CNS.  but^theceU  tvDet^f  “  ?  immune  system  in- 
To  determine  whether  this  mioT^yTr^  “"settled. 

nature  and/or  intensity  of  the  st!m!li^!!^/®..‘^'®'‘“^“  in  the 

•mmunoreactive  cyclooxygenase-’ 

brains  of  rats  perfused  2-4  h  after  inira  ‘*'''^\'*'as  examined  in 

2  or  10ugflcg)orbaaerial  lino^uL  u  '"terleukin-l  (IL-I- 

Dual  immunofloures<Si!«  ^  or  100  u^  .' 

and  perivascular  (ED’  antisen)  o  COX-’-ir 

Choroid  plexus  and  Ureerblt^  vess^ic  L^  '.!’’ 'h^  meninges. 

positive.  Rats  sacrifice  ’  h^tlT!  ‘h®" '‘^re  ED’- 

marked  increase  in  the  numbefof  showed  a 

even  greater  number  of  COX-^r„?.;n  u  i^isplayed  an 

round  or  stellate  morphologies  corresDon^  "^'*^*’  ®*hibited  distinct 

R£CA-1  or  ED’  marked  respeS”^  ^'f?'''"P‘“*'"8 ‘he 

analysis  localized  COX-’-ir  to  the  nerin  “Itrastructural 

cells  of  LPS-.  but  not  IL-Mreated  rauT  ®^«'‘^othelial 

IC-l  ch^enge  is  sufficient  to  elicit  COX  2  ®  moderate 

cells,  while  endothelial  cells  reouire  «  induction  in  perivascular 

Supponed  by  .SS.2n8:  and  NS-10695. 


Abstracts 


223 


